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ABSTRACT We compared the Þeld competitiveness of sterile codling moth, Cydia pomonella (L.),
males mass-reared through diapause or standard production protocols and treated with either 150 or
250 Gy of gamma radiation. Evaluations were performed during spring and summer 2003 by using Þeld
releaseÐrecapture tests. Released males were recaptured using traps baited with synthetic pheromone
or with virgin females. In addition, mating tables baited with virgin females were used in the summer
to assess the mating competitiveness of the released moths. Field performance of released males was
signiÞcantly improved by rearing through diapause and by lowering the dose of radiation used to treat
the insects. These effects were observed during spring when evening temperatures were relatively
cool and in summer when evening temperatures were high. These effects were observed regardless
of the sampling method (i.e., capture in pheromone-baited traps, virgin female-baited traps, or in
mating tables). There were signiÞcant interactions between larval rearing strategy and radiation dose
with respect to day of recapture. The effect of rearing strategy on male performance was observed
immediately after release, whereas the effect of dose of radiation was usually delayed by 2Ð3 d. In
general, the best treatment for improving codling moth male Þeld performance was a combination of
rearing through diapause and using a low dose of radiation (150 Gy). The difference in performance
when insects were treated with 150 or 250 Gy was greater when males had been reared using standard
(nondiapause) rearing protocols, suggesting that diapause rearing may attenuate some of the negative
effects of the higher doses of radiation.
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THE CURRENT OBJECTIVE OF the Sterile Insect Release
(SIR) Program in British Columbia, Canada, is area-
wide suppression of the codling moth, Cydia
pomonella (L.), the key pest of apples (Malus spp.)
and pears (Pyrus spp.), in the fruit-growing valleys of
the interior of British Columbia (Bloem and Bloem
2000). The program was launched in 1992 after rising
chemical costs, threat of pesticide resistance, and in-
creasing concern about environmental and worker-
safety issues brought the costs versus beneÞts of sterile
insect release more into line with those of traditional
control programs (Dyck et al. 1993). Since its incep-
tion, the SIR Program has signiÞcantly reduced both

the use of organophosphate cover sprays (by 82% of
preprogram levels) and the feral codling moth popu-
lation (by 95%) in the initial 3,200-ha treatment area.
Nevertheless, the long-term sustainability of the pro-
gram continues to be debated (Dendy et al. 2001).

Maintaining or improving the quality of mass-reared
laboratory-adapted insects is essential if programs us-
ing the sterile insect technique are to be successful
(Calkins and Ashley 1989). According to Huettel
(1976), the quality of a laboratory population is mea-
sured by how well it functions in its intended role (i.e.,
how effectively in interacts with and impacts upon the
target population). For codling moth, Proverbs (1971)
documented that laboratory insects reared at constant
high temperature were less active in the spring com-
pared with feral moths that overwintered in the or-
chard. Bloem et al. (1997) investigated the possibility
of incorporating diapause into codling moth mass rear-
ing as a way of improving codling moth quality, par-
ticularly during releases of sterile moths at the begin-
ning of the growing season when Þeld temperatures
are cool. Bloem et al. (1997) showed that adult codling
moths reared through diapause were of comparable
quality to standard-reared (nondiapaused) colony in-
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sects when longevity, size, and mating ability were
measured in the laboratory. Subsequently, Bloem et al.
(1998) reported that Þeld performance of codling
moths reared through diapause was signiÞcantly
higher than that of moths reared under standard (non-
diapaused) protocols and treated with the same high
dose of gamma radiation (330 Gy). More recently,
Bloem et al. (1999a, b, 2001) have demonstrated that
mass-reared codling moths treated with lower doses of
radiation are signiÞcantly more competitive than
those treated with higher doses. Bloem et al. (1999a)
reported that female codling moths are completely
sterilized at a dose of 100 Gy, whereas males are
partially sterile at this dose. An areawide program that
releases fully sterile females and partially sterile male
moths can take advantage of the phenomenon of in-
herited sterility (North 1975, LaChance 1985) to bring
about population control more quickly than releasing
fully sterile males and females (Bloem and Carpenter
2001).

In an effort to continue to Þnd ways of improving
the quality of laboratory-adapted mass-reared codling
moths, we compared the quality of standard (nondia-
paused) and diapaused reared codling moths treated
with two substerilizing doses of gamma radiation (150
and 250 Gy) in large-scale release-recapture tests in
the spring and summer 2003 in apple orchards in Brit-
ish Columbia. Released males were recaptured using
traps baited with synthetic pheromone or with virgin
females. Furthermore, mating tables (Bloem et al.
1999b) were used in the summer to assess the mating
competitiveness of the released male moths. Differ-
ences in the hourly capture of male codling moths in
pheromone-baited and virgin female-baited Delta
traps also were examined in the summer. Results of
these experiments are presented herein, and the im-
portance of the data to the implementation of a suc-
cessful areawide sterile insect release program for
codling moth is discussed.

Materials and Methods

Test Insects.The codling moth colony used in these
experiments has been in continuous culture since 1993
(�10 generations per year), although routine intro-
duction of 50Ð100% feral males is made into the colony
in the winter of most years. Colony insects are mass
reared on a modiÞed sawdust-based artiÞcial diet orig-
inally developed by Brinton et al. (1969). The rearing
facility located in Osoyoos, British Columbia, rou-
tinelyproduces14Ð15millioncodlingmothsperweek.

Two mass-rearing strategies (standard and dia-
pause) and two different doses of radiation (150 and
250 Gy) were used to prepare the insects used in these
experiments. For standard rearing, codling moth eggs
were placed on trays of artiÞcial diet and reared in
walk-in rooms at constant temperature (27�C), a pho-
toperiod of 16:8 (L:D) h, and 55% RH for 21 d. At day
22, trays with mature larvae and early pupae were
moved into adult emergence rooms (27�C, 30% RH,
and a photoperiod of 16:8 [L:D] h). At day 30, the start
of adult eclosion, the photoperiod was shifted to 0:24

(L:D) h. UV lights attached to wind traps in the ceiling
of emergence rooms were turned on for 50 min every
hour, and moths attracted to the light were trans-
ported through ducts to a cold room (0Ð2�C). Only
adult moths that were �24 h old were used for Þeld
release.

Diapause was induced in neonate larvae in fall 2002
by shortening the photoperiod and lowering the tem-
perature (12L-25�C:12D-21�C) during larval rearing;
relative humidity remained at 55%. Larvae reared un-
der the diapause conditions were collected into cor-
rugated cardboard pallets, conditioned (at 15�C and
0L:24D for a minimum of 100 d), and stored (at 0Ð2�C
and 0L:24D for a minimum of 30 d) as outlined in
Bloem et al. (2000). After several months in cold
storage, diapause was broken by placing the larvae in
cardboard emergence boxes (100 by 55 by 80 cm) at
27�C and a photoperiod of 16:8 (L:D) h. Emerging
adults were collected once every 2 h and stored in a
cold room (0Ð2�C). As stated above, only adult moths
that were �24 h old were used for Þeld release.

Adult moths produced through standard and dia-
pause rearing were each divided into two groups and
marked with distinguishing ßuorescent dusts (Day-
Glo Color, Cleveland, OH) at the rate of 5 mg per 23 g
of adults. Adults were packaged into plastic petri
dishes as follows. For standard rearing, 23 g of adults
per dish (�820 adults, mean weight 28 mg, and sex
ratio 1:1) and for diapaused moths 20 g of adults per
dish (�808 adults, mean weight 24.75 mg, and sex ratio
1:1). One group from each rearing strategy (standard
and diapaused) was treated with 150 Gy, and the other
group was treated with 250 Gy of gamma radiation
from a Cobalt60 source (Gammacell 220, Nordion,
Canada; dose rate of 0.749448 Mrad/h in May 2003 and
0.7331184 Mrad/h in July 2003). After irradiation, all
moths were maintained in the cold room (0Ð2�C) until
released in the Þeld.
Traps and Sites. The studies were conducted in

spring (May) and summer (July) 2003 in a 20-ha mixed
high-density (Gala and Fuji) and traditional planting
(Granny Smith and Red Delicious) apple orchard on
the southwestern side of Lake Osoyoos in British Co-
lumbia, Canada. Tree spacing was 2.00 by 4.25 m
(�1,175 trees per hectare) in the high-density plots
and 4.40 by 6.00 m (�400 trees per hectare) in the
traditional plantings. Mean tree height throughout the
orchard was 2.75Ð3.60 m. Captures of standard and
diapaused codling moths were assessed using two dif-
ferent trap types: 1) pheromone-baited (1 mg of
codlemone) wing traps (Tecpak Packaging Ltd., Ol-
iver, British Columbia, Canada) used in spring and
summer evaluations and 2) virgin female-baited wing
traps used only in the summer experiments. In the
female-baited traps, the pheromone lures were re-
placed with modiÞed plastic Þlm canisters that held
individual 2-d-old virgin females. Water-soaked cot-
ton wicks afÞxed to the bottoms of the canisters pro-
vided moisture to the caged females. Five pheromone-
baited traps and 16 virgin female-baited traps were
used per hectare. All traps were evenly spaced
throughout the plots and hung in the upper one-third
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of the tree canopy (mean trap height 2 m) on the day
of release. Field temperatures were recorded every
hour for the duration of the study by using electronic
data pods (HOBO, Onset, Bourne, MA).
Releases and Trap Servicing. Releases occurred

along three marked lanes �30 m apart in four 1-ha
high-density plots, each separated by at least 100 m
from other release plots. A single release was made in
spring (2 May) and in summer (10 July) 2003. Stan-
dard and diapaused codling moths were transported to
the Þeld in a small cooler, and the treatment groups
were released in the morning (�1130 hours [PST]) by
using an all-terrain vehicle Þtted with a moth-dispens-
ing unit, which gently blew the moths into the vege-
tation underneath the tree canopy as the driver drove
through the plots. To avoid ßuorescent color contam-
ination, the moth-dispensing unit was wiped clean
between releases. Release order for the different
treatments was chosen at random. For standard moths
(treated with 150 and 250 Gy), 46 g (�1,640 adults,
mean weight 28 mg, and sex ratio 1:1) of each treat-
ment were liberated per hectare and for diapaused
moths (treated with 150 and 250 Gy) 40 g (�1,616
adults,meanweight24.75mg, andsex ratio1:1)ofeach
treatment were released per hectare along the three
release lanes.

Traps were checked daily for 8Ð11d after moth
releases. New sticky trap bottoms were placed in traps
that had captured at least one moth. At day 5 after
release, females in virgin female-baited traps were
replaced with fresh, 2-d-old females. A UV light was
used to identify the color and thus the treatment of
trapped codling moths. Higher trap captures were
interpreted as indicative of higher moth quality.
Capture of Males in Copula. Mating tables, similar

to those described in Bloem et al. (1999b) were used
to assess the mating competitiveness of released males
during the summer. Two replicates were conducted
using two traditional planted 1-ha (Granny Smith and
Red Delicious) plots. Insects were released as de-
scribed above. Thirty-two mating tables were hung
evenly throughout each plot (total of 64 tables) in the
middle one-third of the tree canopy (mean trap height
1.5m) on the day of release. Two-day-old virgin female
moths were chilled in the laboratory (0Ð2�C), and
two-thirds of the anterior right wing was carefully
removed with small scissors to prevent ßight. Clipped-
wing females were stored in small plastic cups (29.5
ml), transported to the Þeld in a cooler, and an indi-
vidual female was placed inside the mating arena of
each table at �1600 hours (PST) on a given observa-
tion day.

Mating tables were visited once per hour, from 1700
to 0200 hours (PST), and pairs found in copula were
collected into small cups (29.5 ml). The hour during
which each mating pair was collected was noted. The
color and thus the treatment of the male captured in
copula with the female was identiÞed under UV light.
The experiment was conducted nightly for Þve nights,
10Ð14 July 2003.
Hourly Trap Captures. As stated above, 46 g of

standard and 40 g of diapaused moths were released

into an additional 1-ha traditional planted plot in the
summer (10 July). Five pair of pheromone-baited and
virgin female-baited Delta traps (Pherocon VI, Trécé,
Adair, OK) were hung throughout the plot at evenly
spaced locations. The position of each trap type at
each location was chosen at random, and the traps
were placed in the upper one-third of the canopy
(mean trap height 1.75 m) and separated from one
another by 10 m. Traps were visited once per hour
between 1700 and 0100 hours (PST) for 3 d (10Ð12
July 2003), and the number of moths caught in each
trap type was recorded.
Data Analysis. The number (and log10-transformed

number) of codling moth males captured in phero-
mone-baited traps during the spring (May) and sum-
mer (July) experiments was analyzed using a three-
factor analysis of variance (ANOVA) with day of
capture, insect rearing strategy, and dose of radiation
as sources of variation. A nested blocking effect of plot
and trap position within each plot was used in the
analysis (PROC ANOVA) (SAS Institute 1989). Be-
cause a signiÞcant three-way interaction between day
of recapture, insect rearing strategy, and dose of ra-
diation for the spring and summer data were found,
the number (and log10-transformed number) of males
captured in the pheromone-baited traps was sorted by
day of recapture and analyzed using a two-factor
ANOVA with insect rearing strategy and dose of ra-
diation as sources of variation. A nested blocking ef-
fect of plot and trap position within each plot (PROC
ANOVA) (SAS Institute 1989) also was used here. All
interactions were included in the statistical model. A
similar model was used to analyze the number (and
square root and log10-transformed number) of codling
moth males recaptured in virgin female-baited traps
during the summer experiment. The number of males
found in copula with females placed in the mating
tables was subjected to a two-factor ANOVA with
rearing strategy and dose of radiation as sources of
variation and blocked by day of capture and time of
mating. Because no interactions were detected and no
effect due to day of capture was found, treatment
means were compared with a StudentÕs t-test by using
the Þve capture days as replicates. Finally, the number
of males captured per hour in pheromone-baited and
in virgin female-baited traps was subjected to ANOVA
with a blocking effect of trap type and time of capture.
All interactions were included in the statistical model.

Results

The daily recapture of male codling moths in pher-
omone-baited traps was signiÞcantly inßuenced by
rearing strategy (standard or diapaused) and dose of
radiation (150 or 250 Gy). During the spring experi-
ment (May 2003), the number of diapaused males that
were recaptured exceeded the number of standard-
reared males in 7 of 10 d, with this difference being
signiÞcant on day 1 (F� 4.99; df � 1, 48; P� 0.0302),
day 2 (F� 8.54; df � 1, 48; P� 0.0053), day 7 (F� 9.96;
df � 1, 48; P � 0.0028), day 8 (F � 12.97; df � 1, 48;
P� 0.0007), and day 9 (F� 7.07; df � 1, 48;P� 0.0106)
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after release (Fig. 1). Similarly, the number of 150-
Gy-treated males recaptured exceeded the number of
250-Gy-treated males captured in 7 of 10 days, and this
difference was signiÞcant on day 4 (F � 8.07; df � 1,
48; P� 0.0066), day 6 (F� 4.50; df � 1, 48; P� 0.0390),
and day 10 (F � 9.95; df � 1, 48; P � 0.0028) after
release (Fig. 2). The spring data suggest that the effect
on trap capture due to dose of radiation was slightly
delayed with respect to the effect due to rearing strat-
egy of the released moths (Figs. 1 and 2). In general,
the ability to recapture all male treatments was re-
duced or limited in the spring by low evening tem-
peratures, especially on days 3Ð5 when mean evening
temperatures were 13.5Ð15.0�C. Nevertheless, signif-
icantly more 150-Gy-treated males were recaptured
on day 4 than were 250-Gy-treated males (Fig. 2).

Rearing strategy and dose of radiation also signiÞ-
cantly inßuenced the number of males recaptured in
pheromone-baited traps in the summer trial (July
2003). Similar to the results obtained in the spring, the
number of diapaused males captured exceeded the
number of standard-reared males captured on each
day of the trial, with the difference being signiÞcant on
day 1 (F � 14.63; df � 1, 48; P � 0.0004), day 2 (F �
30.30; df � 1, 48; P� 0.0001), day 3 (F� 5.25; df � 1,
48; P � 0.0264), and day 5 (F � 4.43; df � 1, 48; P �
0.0405) (Fig. 3). Also, the number of 150-Gy-treated
males captured in the summer exceeded the number
of 250-Gy-treated males in nine of 11 d, with the
difference being signiÞcant on day 4 (F� 20.05; df �
1, 48; P� 0.0001) and day 5 (F� 4.36; df � 1, 48; P�
0.0422) (Fig. 4). As stated above, the effect on trap
capture due to dose of radiation was slightly delayed
with respect to the effect due to rearing strategy (Figs.
3 and 4). Evening temperatures were higher during

the summer (mean temperature was never lower than
25�C; Figs. 3 and 4) and did not limit male moth
activity.

Rearing strategy and the dose of radiation also sig-
niÞcantly inßuenced the number of male codling
moths recaptured in virgin female-baited traps in the
summer (July 2003). The number of diapaused males
exceeded the number of standard-reared males that

Fig. 1. Effect of mass-rearing strategy (diapause or stan-
dard) on the percentage of recapture by day of C. pomonella
males in pheromone-baited (1 mg of codlemone) wing traps
in May 2003. Approximately 3,260 males of each treatment
were released per hectare on 2 May 2003 into four 1-ha plots.
Trap density was Þve traps per hectare, which represented 20
traps total. Temperature line shows mean nightly tempera-
ture during the experiment. Means within each day denoted
by asterisk are signiÞcantly different (PROC ANOVA; P �
0.05).

Fig. 2. Effect of dose of radiation (150 or 250 Gy) on the
percentage of recapture by day of C. pomonella males in
pheromone-baited (1 mg of codlemone) wing traps in May
2003. Approximately 3,260 males of each treatment were
released per hectare on 2 May 2003 into four 1-ha plots. Trap
density was Þve traps per hectare, which represented 20 traps
total. Temperature line shows mean nightly temperature
during the experiment. Means within each day denoted by
asterisk are signiÞcantly different (PROC ANOVA;P� 0.05).

Fig. 3. Effect of mass-rearing strategy (diapause or stan-
dard) on the percentage of recapture by day of C. pomonella
males in pheromone-baited (1 mg of codlemone) wing traps
in July 2003. Approximately 3,260 males of each treatment
were released per hectare on 10 July 2003 into four 1-ha plots.
Trap density was Þve traps per hectare, which represented 20
traps total. Temperature line shows mean nightly tempera-
ture during the experiment. Means within each day denoted
by asterisk are signiÞcantly different (PROC ANOVA; P �
0.05).
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were captured in four of the 8 d that data were col-
lected. The difference was signiÞcant on day 2 (F �
4.81; df � 1, 180; P� 0.0296) (Fig. 5). In addition, the
number of 150-Gy-treated males captured was higher
than the number of 250-Gy-treated males in seven of
8 d that data were collected. The difference in capture
was signiÞcant on day 3 (F � 4.95; df � 1, 180; P �
0.0274), day 4 (F� 10.37; df � 1, 180; P� 0.0015), and
day 5 (F � 5.14; df � 1, 180; P � 0.0246) (Fig. 6). As
stated above, the effect of dose of radiation on male

recapture was slightly delayed with respect to the
effect of rearing strategy (Figs. 5 and 6).

The individual and combined effects of rearing
strategy (diapause or standard) and dose of radiation
(150 or 250 Gy) on recapture of male codling moths
in virgin female-baited traps and on the total number
of males found in copula with females in mating tables
in July 2003 are shown in Table 1. Both diapause
rearing and lower dose of radiation increased male
recapture by calling females in female-baited traps.
When these effects are combined (Table 1), a radia-

Fig. 4. Effect of dose of radiation (150 or 250 Gy) on the
percentage of recapture by day of C. pomonella males in
pheromone-baited (1 mg of codlemone) wing traps in July
2003. Approximately 3,260 males of each treatment were
released per hectare on 10 July 2003 into four 1-ha plots. Trap
density was Þve traps per hectare, which represented 20 traps
total. Temperature line shows mean nightly temperature
during the experiment. Means within each day denoted by
asterisk are signiÞcantly different (PROC ANOVA;P� 0.05).

Fig. 5. Effect of mass-rearing strategy (diapause or stan-
dard) on the percentage of recapture by day of C. pomonella
males in virgin female-baited wing traps in July 2003. Ap-
proximately 3,260 males of each treatment were released per
hectare on 10 July 2003 into four 1-ha plots. Trap density was
16 traps per hectare, which represented 64 traps total. Tem-
perature line shows mean nightly temperature during the
experiment. Means within each day denoted by asterisk are
signiÞcantly different (PROC ANOVA; P � 0.05).

Fig. 6. Effect of dose of radiation (150 or 250 Gy) on the
percentage of recapture by day of C. pomonella males in
virgin female-baited wing traps in July 2003. Approximately
3,260 males of each treatment were released per hectare on
10 July 2003 into four 1-ha plots. Trap density was 16 traps per
hectare, which represented 64 traps total. Temperature line
shows mean nightly temperature during the experiment.
Means within each day denoted by asterisk are signiÞcantly
different (PROC ANOVA; P � 0.05).

Table 1. Individual and combined effects of mass-rearing strat-
egy (diapause or standard) and dose of radiation (150 or 250 Gy)
on percentage of recapture of C. pomonella males in virgin female-
baited traps (VFBT) and on the number of males found in copula
with females in mating tables (MT) in summer (July) 2003

Treatment
% recapture
in VFBTa

No. matings
in MT

(n � 96)b

Individual effects
Diapause rearing 1.570
Standard rearing 1.356
150 Gy 1.737
250 Gy 1.189

Combined effects
Diapause 150 Gy 1.859 23
Diapause 250 Gy 1.280 24
Standard 150 Gy 1.616 31*
Standard 250 Gy 1.097 18*

Approximately 1,630 males of each treatments were released per
hectare on 10 July 2003 into four 1-ha plots. Trap densities were as
follows: for VFBT, 16 traps per hectare (64 traps) and for MT, 32 traps
per hectare (64 traps) total.
a Statistical differences in percentage of recapture in the virgin

female-baited traps are indicated in Figs. 5 and 6.
b Asterisk (*) denotes signiÞcant difference between means (Stu-

dentÕs t-test, P � 0.0406).
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tion dose-response in recapture is evident for male
codling moths reared through both rearing strategies.
The number of matings was not signiÞcantly different
for diapause-reared males treated with 150 or 250 Gy.
However, standard-reared males obtained a signiÞ-
cantly (t � 2.982, df � 4, P � 0.0406) higher mean
(�SD) number of mates per night when treated with
150 Gy (6.20 � 1.92) than when treated with 250 Gy
(3.60 � 1.52).

A total of 96 males were collected in copula with
females in mating tables during the Þve nights of this
study. The majority of matings (59.4 and 34.4%) were
observed when the mating tables were visited at 2200
and 2300 hours, respectively. No signiÞcant interac-
tion was detected between the number of matings by
each male type and the time of night when the mating
occurred. An examination of the pattern of hourly
recapture of male codling moths in mating tables and
pheromone-baited and female-baited traps revealed
no signiÞcant interactions between trap type and
number of males captured each hour. Most of the
males found in synthetic pheromone traps (37.8 and
25.2% of a total of 365 males) and all of the males found
in virgin female-baited traps (77.8 and 22.8% of a total
of 36 males) also were captured during 2200 and 2300
hours, respectively. This time corresponds with the
time when female codling moths are most actively
mating in the orchard.

Discussion

Trapping ofC. pomonella has been used to augment
control; assess moth density; examine phenology, dis-
persal, and behavior; and evaluate the success of var-
ious control strategies (Weissling and Knight 1994).
Furthermore, many sterile insect release programs
evaluate the Þeld performance and competitiveness of
colony insects by using release-recapture tests (Hen-
neberry and Keaveny 1985, Lance et al. 1988). This
study is the Þrst to examine the combined effects of
rearing strategy and dose of radiation on the Þeld
performance of mass-reared male C. pomonella. Our
study was designed in a way that would allow us to
measure various aspects of Þeld competitiveness by
recapturing males in traps with strong (synthetic) and
weak (virgin female) sex pheromone signals and by
capturing them in copula with females in mating ta-
bles. Because pheromone-baited traps constantly emit
a synthetic sex pheromone signal, they have the po-
tential to capture males well before and after those
that are attracted by females in virgin-baited traps or
in mating tables. As such, synthetic pheromone-baited
traps can better measure differences among male
treatments with respect to their readiness and ability
to respond to sexual signals early in the evening and
to remain active late into the nightÑan indication of
their general quality. Also, compared with the traps
baited with virgin females, these traps measure the
ability of males to respond from greater distances
because they are active for a longer period (contin-
uous pheromone release) and the pheromone signal is
(�10 times) stronger. In comparison, virgin female-

baited traps test the relative ability of males to respond
to a weak pheromone source that may be emitted
intermittently and only during a speciÞc time of the
day. Mating tables baited with clipped wing virgin
females test the same competitive attributes of a male
as are tested by virgin female-baited traps. However,
mating tables aremore selectivebecauseonly themost
competitive male, i.e., the one that reaches the female
the quickest and interacts with her using the appro-
priate behaviors, will be able to successfully mate with
the female. Virgin female-baited sticky traps, how-
ever, can (theoretically) capture all of the males that
respond to the calling female.

Even though each of these Þeld sampling methods
are useful in measuring slightly different aspects of
male performance and competitiveness, traps (espe-
cially pheromone-baited traps) more easily collect
higher numbers of males and, therefore, may provide
a better opportunity to detect differences among male
treatments. Our results show that the quality of sterile
released male codling moths is signiÞcantly improved
both by rearing the insects through diapause and by
treating them with a lower dose of radiation (150 Gy).
The fact that signiÞcantly more diapaused codling
moths were recaptured than moths reared under con-
stant temperature was not altogether unexpected.
Proverbs (1971) had previously reported that moths
reared in the laboratory from egg to adult at a constant
high temperature were less active than wild moths in
the spring. Hutt (1979) reported that Þeld competi-
tiveness of laboratory-reared moths was improved
when ßuctuating temperatures were used. Mass rear-
ing through diapause simply goes one step further in
more closely approximating natural Þeld conditions.
As reported inprevious studies(Bloemetal. 1998), the
beneÞcial effects of diapause rearing were observed
not only in the spring (May) when evening temper-
atures were low but also in July when evening tem-
peratures remained high. The beneÞts of using the
lowest possible dose of radiation to sterilize released
moths are also well known (North and Holt 1968, Toba
et al. 1972, Carpenter et al. 1997). For the codling
moth, Bloem et al. (1999b, 2001) have previously re-
ported improvements in trap recapture rates, mating
competitiveness, and dispersal ability at lower doses of
radiation.

Similar to the results reported in Bloem et al. (1998,
2001), we recaptured a higher percentage of released
moths in pheromone-baited traps during the summer
than we did in the spring, irrespective of insect treat-
ment. Results in the summer showed a more “typical”
pattern of recapture, i.e., codling moth males were
captured in high numbers for the Þrst 3Ð4 d. The
decline in percent recapture from day 6Ð11 was most
likely inßuenced by insect movement and mortality
(Figs. 3 and 4). In contrast, percentage of recapture in
the spring was attenuated on days 3Ð5 when mean
nightly temperatures were below 17�C. However, cod-
ling moths remained in the orchard and again became
active when nightly temperatures increased (days
6Ð10) (Figs. 1 and 2).

1896 JOURNAL OF ECONOMIC ENTOMOLOGY Vol. 97, no. 6



These positive effects on Þeld performance were
observed regardless of the Þeld sampling method used
(i.e., pheromone-baited traps, virgin female-baited
traps, or mating tables baited with virgin females). We
found signiÞcant interactions between larval rearing
strategy and dose of radiation with respect to recap-
ture day after release. Larval rearing strategy inßu-
enced male performance immediately after Þeld re-
lease. However, the beneÞt of using a lower dose of
radiation was not observed until 2Ð3 d after release. In
general, the best-performing males were those that
were mass reared through diapause and received a low
dose of radiation (150 Gy). It is worth noting that the
difference in male performance due to dose of radi-
ation was greater when males were reared through
standard rearing protocols, suggesting that rearing
through diapause might attenuate some of the nega-
tive effects of higher doses of radiation (250 Gy). We
are currently conducting complementary laboratory
evaluations to examine whether this attenuation has a
measurable physiological basis. The results presented
here and in earlier studies (Bloem et al. 1998) con-
tinue to suggest that future areawide programs for
codling moth should consider designing mass-rearing
facilities where the colony is routinely reared through
diapause. This study also contributes to the mounting
body of evidence that indicates that lowering the dose
of gamma radiation used to treat the laboratory pop-
ulations has a signiÞcant positive effect on Þeld per-
formance and on the ultimate success of the areawide
program.
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